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channel, apodization coefificients of the points situated
between these two receiving focus points through an mterpo-
lation operation.
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ULTRASOUND DEVICE AND METHOD FOR
REAL-TIME COMPUTATION OF
POINT-BY-POINT APODIZATION

COEFFICIENTS WITH TRIGONOMETRIC
FUNCTIONS

RELATED APPLICATIONS

The present application claims priority to Chinese Patent
Application No. 200710141485.6, filed on Aug. 24, 2007,
which 1s hereby icorporated by reference herein in its
entirety.

TECHNICAL FIELD

The present disclosure relates to a method and device for
computing apodization coetlicients used for ultrasonic imag-
ng.

SUMMARY

A method and device provide real-time computation of
apodization coellicients used for ultrasonic beam-forming to
achieve point-by-point apodization. The disclosed method
realizes point-by-point focusing during the process of beam-
forming, while saving memory resources.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram of an ultrasonic imaging system
according to one embodiment.

FI1G. 2 1s a schematic diagram 1llustrating a computation of
an included angle ¢ between a vector from a transducer ele-
ment to a recewving point and a normal vector of the trans-
ducer element according to one embodiment.

FIG. 3 shows a relationship between [tan(¢)l and corre-
sponding apodization coellicients according to one embodi-
ment.

FIG. 4 shows a cluster of apodization coefficient curves
with a recerving focus point being situated at the center of a
receiving aperture according to one embodiment.

FIG. 5 shows a cluster of apodization coellicient curves
obtained through interpolation, with the recerving focus point
being situated at the center of the receiving aperture accord-
ing to one embodiment.

FIG. 6 shows a curve representing the variation of sixth-
channel apodization coeltlicients with different receiving
depths before interpolation according to one embodiment.

FIG. 7 shows a curve representing the variation of the
sixth-channel apodization coelfficients with different recerv-
ing depths aiter interpolation according to one embodiment.

FIG. 8 1s a block diagram 1illustrating a device for real-time
computation of point-by-point apodization coellicients
according to one embodiment.

FI1G. 9 1s a block diagram illustrating an interpolation unit
of the device shown 1n FIG. 8 for real-time computation of
point-by-point apodization coellicients according to one
embodiment.

DETAILED DESCRIPTION

In an ultrasonic 1imaging apparatus, an apodization coelfi-
cient 1s an important parameter for beam-forming. A general
beam-forming method includes computing and storing the
desired apodization coellicients in memory, which are then
read for beam-forming. To save memory resources, the
apodization coellicients are typically computed for some
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2

fixed recerving positions. These fixed receiving positions
share the same parameter with the adjacent positions. There-
fore, point-by-point apodization 1s generally not achieved 1n
conventional systems.

Conventional beam-forming systems generally need to
maintain one integral apodization coellicient curve for each
of a plurality of recerving positions, which consumes a huge
amount ol memory resources and does not achieve a point-
by-point apodization. A method for real-time computation of
apodization coellicients of receiving focus points mncludes
pre-storing a group ol computed apodization coellicients imnto
memory, and extracting different coellicients from the group
of preset curves of the stored apodization coellicients at dii-
ferent recerving depths, so as to obtain apodization curves
with different depths. Although this method may store only
one apodization coellicient curve, which significantly saves
memory resources, 1t 1s limited to the amount of apodization
coellicients that need to be stored and does not achieve point-
by-point apodization.

Thus, the present disclosure provides a method for real-
time computation of apodization coellicients and real-time
generation ol apodization coelficients used during beam-
forming with, for example, hardware so as to achieve point-
by-point apodization. The disclosed embodiments realize
point-by-point focusing during the process of beam-forming,
while saving memory resources.

In one embodiment, a method for real-time computation of
point-by-point apodization coellicients used for beam-form-
ing includes storing apodization coelficients of receiving
focus points 1nto memory, and computing an included angle
between a vector from a transducer element to a first recetving
point and a normal vector of the transducer element, or com-
puting a trigonometric function value of the included angle.
The method also includes using a quantized included angle or
a trigonometric function value of the included angle as the
target address of the memory, and reading the apodization
coellicients. The trigonometric function of the included angle
as mentioned above may include a sinusoidal function, a
cosine function, a tangent function, or a cotangent function.

In certain embodiments, the method for real-time compu-
tation of point-by-point apodization coelficients used for
beam-forming also includes, for each of a plurality of rece1v-
ing channels, computing 1n advance apodization coellicients
of a recerving focus point as the starting point for the subse-
quent interpolation operation and another recerving focus
point as the ending point, and deriving apodization coetfi-
cients of the points situated between these two receiving
focus points through an interpolation operation. The apodiza-
tion coellicients may be computed using the following
eXpression:

Apod(j,m)=Apod(j,i ) +A*m/N,

in which A=Apod(y, 1+N)-Apod(y, 1), 1 stands for the serial
number of the receiving transducer elements, m is the i”
receiving focus point to the (i+N-1)" receiving focus point,
and N 1s the number of the apodization coellicients between
the interpolation starting point and the interpolation ending
point. The number N of the apodization coellicients between
the iterpolation starting point and 1interpolation ending point
1s selected, 1n one embodiment, as the power of 2 such that the
division by N may be carried out through a shift operation.

In certain embodiments, an absolute value may be taken for
the trigonometric function of the included angle and then
quantized to become the target address of the memory. Sub-
sequently, the apodization coelficients are read out according,
to the target address.
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In addition, or 1n other embodiments, when the included
angle between the vector from the transducer element to the
receiving point and the normal vector of the transducer ele-
ment, or the absolute value of the trigonometric function
thereol, 1s greater than a predetermined threshold, the
apodization coellficients are regarded as zero.

The apodization coellicients may be computed 1n advance
and may be stored 1n memory 1n an ascending order.

In the case of a convex transducer array, the included angle
¢ or the tangent value thereof may be calculated as follows:

tan(@)=(X-K*Y)/(F+K*=X),

in which X=Fx-Ex, Y=Fy-Ey, K=tan(¢1); Ex, Ey are coor-
dinates of the probe; Fx, Fy are coordinates of the receiving
focus point; ¢1 1s the included angle between the normal
vector of the transducer element and the Y axis; and with the
probe parameters given, tan(¢p1) may be determined.

In the case of a linear transducer array and a phased trans-
ducer array, the included angle ¢ or the tangent value thereof
may be calculated as follows:

tan(¢)=X/Y

in which X=Fx-Ex, Y=Fy-Ey; Ex, Ey are coordinates of the
probe; and Fx, Fy are coordinates of the receiving focus point.

In another embodiment, a device for real-time computation
of point-by-point apodization coeilicients used for beam-
forming 1ncludes an apodization curve memory for storing
apodization coellicients, and a storing unit for storing trans-
ducer element coordinates Ex, Ey and K, wherein K=tan(¢1),
¢1 1s the included angle between the normal vector of the
receiving transducer element and the'Y axis, and tan(¢1) may
be determined once the probe parameters are given. The
device also includes a timer control unit for generating coor-
dinates Fx, Fy of a receiving focus point, and a channel
counter for sequentially reading for each recerving channel
the corresponding transducer element coordinates Ex, Ey and
the tangent value K of the included angle between the normal
vector of the transducer element and the Y axis from the
storing unit. The device further includes a computation unit
for computing an included angle ¢ between a vector from a
transducer element to a receiving point and a normal vector of
the transducer element, or the trigonometric function value
thereol on the basis of the transducer element coordinates Ex,
Ev, the tangent value K of the included angle between the
normal vector of the transducer element and the Y axis, and
the recerving focus point coordinates Fx, Fy; and an address
processing unit for using a quantized value of the included
angle ¢ between the vector from the transducer element to the
receiving point and the normal vector of the transducer ele-
ment as the target address of the apodization curve memory,
and reading the apodization coetlicients Apod(y, 1), or taking
the absolute value of the trigonometric function value of the
included angle ¢ between the vector from the transducer
clement to the recerving point and the normal vector of the
transducer element, then using the quantified value thereot as
the target address of the apodization curve memory and read-
ing the apodization coetficients Apod(y, 1).

In certain embodiments, the trigonometric function of said
included angle ¢ 1s tan(¢), and the computation unit includes
a first subtracter for computing X=Fx-EX, a second subtracter
tor computing Y=Fy-Ey; a first multiplier for computing KX,
a second multiplier for computing KY, a third subtracter for
computing X-KY, a first adder for computing Y+KX, and a
divider for computing (X-KY)/(Y+KX).

In addition, or 1n other embodiments, the device may fur-
ther include an interpolation unit for using the apodization
coellicients of the recerving focus point as the interpolation
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4

starting point and the receiving focus point as the interpola-
tion ending point computed for each receiving channel, and
deriving through an interpolation procedure apodization
coellicients of the points between these two recerving focus
points. The number of the interpolation units may the same as
that of the recerving channels, and the interpolation unit may
perform the mterpolation operation according to the follow-
INg eXpression:

Apod(j,m)=Apod(j,i ) +A*m/N,

in which A=Apod(j, 1+N)-Apod(y, 1), 1 stands for the serial
number of the receiving transducer elements, m is the i”
receiving focus point to the (i+N-1)" receiving focus point,
and N 1s the number of the apodization coellicients between
two receiving focus points.

In certain embodiments, the interpolation unit includes a
first register, a second register, and a third register. The first
register 1s for storing the apodization coelll

icients read out
from the apodization coelficient memory, and for storing the
apodization coellicients into the second register under the
control of a first data enabling signal. The second register 1s
for storing the apodization coetlicients into the third register
under the control of a second data enabling signal. The inter-
polation unit may also include a fourth subtracter for com-
puting A=Apod(j, 1+N)-Apod(y, 1), an accumulator for accu-
mulating the A values computed by the fourth subtracter and
outputting the current A value under the control of a reset
signal, a shifter for shifting (e.g., rightward) the output of the
accumulator by log, N bits, and a second adder for adding up
the output of the shifter and the apodization coelficients 1n the
third register and outputting the apodization coelflicients
obtained through 1interpolation. The number N of the apodiza-
tion coellicients between the two 1nterpolation points may be
selected as the power of 2.

In certain embodiments, the first data enabling signal, sec-
ond data enabling signal, and the accumulator reset signal are
generated by the timer control unit.

With the method and device according to the embodiments
disclosed herein, real-time and point-by-point computation
ol apodization coellicients may be achieved for beam-form-
ing. Additional aspects and advantages will be apparent from
the disclosure herein.

FIG. 1 shows a B-mode ultrasonic imaging system 100 that
includes a probe 110, a transmitting/receiving component
112, a pulse generator 114, a beam former component 116, a
detector component 118, a digital scanning component 120,
and a display component 122. The pulse generator 114
receives a transmitted wavelorm 126 and a transmission delay
signal 128 and provides ultrasonic pulses to the transmitting/
receiving component 112 for transmission through the probe
110. The probe 110 also provides received ultrasonic pulses
(echoes) to the transmitting/receiving unit 112. The received
ultrasonic pulses are processed by the beam former compo-
nent 116, the detector component 118, and the digital scan-
ning component 120 for display on the display component
122.

The following example embodiments are directed to a
64-channel single-beam system. However, 1t should be under-
stood that the disclosed method and device may be adapted
foruse in a system having different numbers of channels (e.g.,
32, 64, 128, and the like) and multiple beams.

1. Example Method for Real-Time Computation of Point-
by-Point Anodization Coellicients.

An apodization coelficient 1s useful as a criterion for
assigning weights to the echo waves received on different
channels. Generally, the principle for assigning weights 1s
that the transducer elements closer to the receiving line are
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assigned greater weight, and that the weight varies with the
receiving depth. Based on this principle, the apodization coet-
ficient value may be determined by computing the included
angle ¢ between a vector from the transducer element to the
receiving point and the normal vector of the transducer ele-
ment. The greater the ¢ value, the smaller the apodization
coellicient Apod. Thus, derivation of ¢ may lead to the
apodization coellicients, while ¢ may be acquired by com-
puting the trigonometric function value of ¢ and then com-
puting the antitrigonometric function thereotf. To simplity the
computation, the trigonometric function value of ¢ (e.g., sinu-
soidal, cosine, tangent, cotangent functions, etc.) 1s directly
utilized to determine the value of Apod according to the
corresponding relationship between ¢ and its trigonometric
function value. In an example embodiment, the tan(¢) value 1s
computed, and then used to dertve Apod according to the

corresponding relationship of ¢ and tan(¢). The greater tan
(¢), the smaller Apod.

FI1G. 2 shows a method for computing tan(¢) in the case of
a convex transducer array (represented by line 210). Because
the recerving line may be deviated from the center of the
receiving aperture, for generality, the receiving focus point
212 shown lies to the right of the recerving aperture (e.g., at
“O” or the intersection of the X axis and the Y axis). ¢1 1s the
included angle between the normal vector 214 of the receiv-
ing transducer element 216 (or “recerving element”) and the
Y axis. tan(¢p1) may be determined once the parameters con-
cerning the probe are given. ¢2 1s the included angle between
the vector 218 from the receiving transducer element 216 to
the recerving focus point 212 and the Y axis. tan(¢p2)=(Fx—
Ex)/ (Fy-Ey), wherein Ex, Ey denote the known coordinates
of the probe, and Fx, Fy are real-time varied coordinates of the
receiving focus points 212 during the receiving period. In
FIG. 2, the direction of ¢1 1s defined as the negative direction,
and that of ¢2 as the positive direction. Therefore, 1t1s dertved
that:

0 = @2 —l,

thus, tan(e) = tan(p2 — ¢1)
= (tan(g2) —tan(el)) /(1 + tan(¢2) « tan(el ).

1) be K, tan(¢2)=(Fx-Ex)/(Fy-Ey)=X/Y, 1t

By letting tan(
follows that

tan{§)=(/Y-K)/(1+K*X/7),

and through reorganizing the above equation:

tan()=(X=K *Y)/( V+K*X)

wherein X=Fx-Ex, Y=Fy-Ey, K=tan(¢1).

Upon computation of the apodization coeflicients for a
plurality of points, these apodization coellicients are stored
into a memory device 1n an ascending order. An absolute
value 1s taken for tan(¢) (since ¢ may be a negative value),
which 1s then quantized and used as the apodization coetii-
cient target address for locating the apodization coellicients.

A greater value for Itan(¢)l, 1.e., a greater included angle ¢,
signifies lower signal energy received by the corresponding
receiving transducer element 216. When ¢ 1s great enough,
1.€., the signal energy recerved by the corresponding receiving
transducer element 216 1s low enough, the corresponding
transducer element 216 may be deemed as being excluded
from the signal-recerving process. Thus, 1ts apodization coet-
ficient 1s set to zero. In this case, the corresponding value of
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itan(¢p)| 1s set as a threshold Itan(y)l. For a Itan(¢)| that 1s
greater than Itan()l, the apodization coelficient thereof 1s
considered to be zero.

FIG. 3 shows the relationship between Itan(¢)! and corre-
sponding apodization coelficients. The threshold value 1n
FIG. 3 1s 1. FIG. 4 shows a cluster of apodization coefficient
curves 410 (seven shown) corresponding to respective receiv-
ing transducer elements obtained using the above method,
wherein the recerving focus points have the following coor-
dmates: (0,11.232), (0,23.552), (0,35.872), (0,48.192),
(0,60.512), (0,72.832), (0,85.152) (the units being mm). The
horizontal coordinate 1n FIG. 4 denotes the serial number of
the transducer elements, which corresponds to the serial num-
ber of the channels. The longitudinal coordinate 1n FIG. 4
denotes the apodization coellicient value. The recerving focus
point with the smallest Y coordinate corresponds to the low-
ermost curve 410(L), and the receving focus point with the
greatest Y coordinate corresponds to the uppermost curve
410(U).

For a linear transducer array and phased transducer array,
the tangent value of the included angle between the recerving
focus point and the receiving transducer element 1s expressed
as:

tan(@)=(Fx—Ex)/(Fy-Ev)=X/Y (2),

wherein X=Fx-Ex, Y=Fy-Ey.

As one skilled i the art will recognize, equation (2) 1s
included 1n equation (1) because the normal vector of the
transducer element of a linear transducer array or phased
transducer array 1s parallel to the Y axis, and the value of K 1s
constantly zero.

Thus, once the type of the array and 1ts relevant parameters
are given, the value of tan(¢) may be computed through
equation (1). Thus, the apodization coellicient value may be
determined.

As shown 1n equation (1), the computation of tan(¢)
requires the operation of multiplication twice, addition/sub-
traction twice, and division once. In the case of 64 recerving
channels, each channel may use such a computation proce-
dure. Therefore, 11 this method alone 1s used for real-time
computation of the apodization coelficients of each receiving
focus point, a huge amount of computation may be per-
formed. Further, each channel may independently access the
memory for reading the apodization coellicient value, leading
to a large overhead of hardware resources. Therefore, simpler
and more convenient computation methods are discussed
below.

For the apodization coelficients corresponding to the same
receiving channel, the apodization coelficients for two recerv-
ing focus points (1.e., one recerving focus point as an iterpo-
lation starting point and the other receiving focus point as an
interpolation ending point) may be first computed by equa-
tion (1). The remaining N apodization coelficients between
these two end points may be obtained through interpolation.
In one embodiment, the principle for selecting the number N
1s that the apodization coellicients of the intermediate posi-
tion obtained through 1nterpolation based on the apodization
coellicients at the two end focusing positions are closest to
ideal or desired apodization coefficients. The interpolation
algorithm 1s given 1n equation (3) as:

Apod(j,m)=Apod{j,i }+A*m/N (3),

wherein A=Apod(j, 1+N)-Apod(y, 1), 1 stands for the serial
number of the receiving transducer elements, and m is the i
receiving focus point to the (i+N-1)" receiving focus point.

In case N 1s the power of 2, division by N may be simply
replaced by a shift operation, and the A*m may be achieved
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via accumulation. After Apod(y, 1+N) and Apod(j, 1) are com-
puted by equation (1), each channel asks for only one accu-
mulator, one adder, and one shiit operation for real-time
computation of the apodization coefficients for each receiv-
ing point. As compared with the computation of equation (1),
the hardware overhead 1s significantly reduced.

An advantage for obtaining the apodization coellicients of
cach recerving focus point through the interpolation opera-
tion lies 1n that the method 1s not subjected to the influence of
“apodization coellicient mutation,” which 1s incurred when a
plurality of adjacent receiving points of the same recerving,
channel share one apodization coetlicient.

FIG. 5 shows a cluster of six groups 510a-510f (s1x curves
for each group) of apodization coelficient curves 512
obtained through interpolation, taking the seven apodization
curves 410 1n FIG. 4 as the starting point and the ending point,
respectively, where N=6. From FIG. 5, it can be seen that each
group 310a-510f of the interpolation-derived apodization
coellicient curves 312 1s uniformly distributed between a
respective starting curve and the ending curve. It may, there-
fore, be predicted that, when the distance between the starting
curve and the ending curve 1s reduced, and N 1s increased to
a degree that the apodization coellicient of each receiving
focus point can be computed in real time, the apodization
coellicient curves 512 will have a denser distribution so as to
elfectively reduce the mutation of the apodization coeflicient
during the recerving process.

Through comparison of the curves representing the varia-
tion of the apodization coellicient with the recerving depth
before and after interpolation, 1t can be appreciated more
thoroughly how the coelficient variation after interpolation
contributes to improving the image quality. FIG. 6 shows a
curve 610 representing the wvariation of sixth-channel
apodization coellicients with different recerving depths
betfore interpolation, and FIG. 7 shows a curve 710 represent-
ing the variation of the sixth-channel apodization coelificients
with different recerving depths after interpolation. A com-
parison reveals that before interpolation, the apodization
curve 610 exhibits an obvious staircase-like variation with
different receiving depths, which 1s particularly obvious
when the receiving depth 1s relatively shallow. In contrast, the
curve 710 after interpolation becomes significantly smoother.
With the increase of the receiving depth, the apodization
coellicient of each recerving point smoothly increments, and
the mutation of the coetlicient 1s eliminated. The same con-
clusion may also be reached 1n the case of different numbers
of channels.

2. Example Device for Real-Time Computation of Point-
by-Point Anodization Coelficients.

In the following embodiment, a 64-channel single-beam
ultrasonic imaging system 1s used as an example. In the beam-
forming process, apodization coellicients are computed for at
most 64 channels. However, one skilled 1n the art will recog-
nize that any number of channels may be used.

As shown 1n FIG. 8, a device for real-time computation of
point-by-point apodization coellicients 1n accordance with
one embodiment includes a timer control unit 800, a channel
counter 802, a storing unit 804, a computation unit 806, an
address processing unit 808, an apodization curve memory
810, and an interpolation umt 812. In one embodiment, the
interpolation unit 812 1s optional. If the interpolation unit 812
1s provided, the apodization coelficients are computed from
the starting point and the ending point of each channel only.
Then, the mterpolation unit 812 determines the apodization
coellicients of the points between the interpolation starting
point and the iterpolation ending point. If the interpolation
unit 812 1s not provided, the device in accordance with one
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embodiment 1s also capable of computing the apodization
coellicients of all points for each channel. In the example
embodiment shown 1n FIG. 8, the interpolation unit 812 1s
provided. The respective units of the device according to such
an embodiment are explained in detail below.

The storing unit 804 includes a transducer element coordi-
nate Ex memory 814 and Ey memory 816, and K value
memory 818. The computation unit 806 includes a first sub-
tracter 820, a second subtracter 822, a first multiplier 824, a
second multiplier 826, a third subtracter 828, a first adder 830,
and a divider 832. Of course, as one skilled 1n the art will
recognize, the computation unit 806 may have a different
configuration configured perform the computation of equa-
tion (1).

The timer control unit 800 controls 1n a manner to generate
the Fx value 834 and the Fy value 836. The channel counter
802 starts to count and read out in sequence corresponding
transducer element coordinates Ex, Ey of each receiving
channel and the tangent value K of the transducer element
normal vector (for a linear transducer array and phased trans-
ducer array, the K value 1s 0) from the respective memories
814, 816, 818 1n the storing unit 804. The first subtracter 820
computes the value of X (1.e., X=Fx-FEx), the second sub-
tracter 822 computes the value o1 Y (1.e., Y=Fy-Ey), the first
multiplier 824 computes KX, the second multiplier 826 com-
putes KY, the third subtracter 828 computes (X-KY), the first
adder 830 computes (Y+KX), and the divider 832 computes
(X-KY)(Y+KX) (1.e., tan(¢p)=(X-KY)/(Y+KX)). Having
taken an absolute value of the computed tan(¢), the address
processing unit 808 processes |tan(¢)l according to the preset
threshold value Itan( ). If [tan(¢)I>Itan( ), Itan( )l 1s out-
putted. The quantized |tan(¢)| 1s adopted as the target address
of the apodization curve memory 810, and then the apodiza-
tion coellicient value Apod(y, 1) 1s read out and outputted.

Beltore the recerving process starts, the apodization coelli-
cients are first computed for two receiving focus points Apod
(1,0), Apod(3,N), (0=1<64) of each of the 64 channels. These
apodization coellicients of the corresponding two receiving
points for each channel are inputted into the interpolation unit
812. The number of the interpolation units 812 corresponds to
the number of the channels. For example, 64 channels uses 64
interpolation units.

FIG. 9 shows the structure of the interpolation unit 812 1n
accordance with one embodiment for performing the compu-
tation of equation (3). Under the control of a first data
cnabling signal 901 (e.g., this signal 901 may be generated by
the above-mentioned timer control unit 800, one for each
interpolation unit 812), the apodization coelficient Apod(y, 1)
1s first mputted into a corresponding first register 900 of
channel 7 1n the interpolation unit 812. When Apod(0, 1) to
Apod(63, 1) are computed and stored in the first registers 900
in each of the 64 interpolation units, the timer control unit 800
generates a second data enabling signal 903 to store Apod(j, 1)
in a second register 902. Apod(j, 1+N) 1s read out continu-
ously, and stored under the control of the first data enabling
signal 901 1n the first register 900 of each channel interpola-
tion unit 812. When Apod(0, 1+N) to Apod(63, 1+N) are stored
in the first registers 900 of each of the 64 interpolation units
812, the timer control unit 800 again generates the second
data enabling signal 903 to store Apod(j, 1+N) 1n the second
register 902, and synchronously store Apod(y, 1) 1 a third
register 904. Apod(j, 1+2*N) continues to be read out and
stored 1n the first register 900 of each channel mterpolation
unit 812 to be updated.

After the contents of both the second register 902 and the
third register 904 are updated, the timer control unit 800
generates an accumulator reset signal 905 to reset the output
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ol an accumulator 908 to the current A value. A fourth sub-
tracter 906 computes A=Apod(j, 1+N)-Apod(j, 1). The accu-
mulator 908 accumulates the A values computed by the fourth
subtracter 906.

When the receiving process begins, 1 1s equal to 0. When
receiving from 0 to (N-1)" receiving points, the interpolation
unit 812 computes 0 to (N-1)?” apodization coefficients based
on the mputted Apod(3,0) and Apod(3,N). When 1t comes to
receiving point N, Apod(1,N) 1s stored 1n the third register 904
and Apod(7,2*N) 1s stored 1n the second register 902. There-
fore, the apodization coellicients of the points N to 2*N-1
may be derived based on Apod(1,N) and Apod(3,2*N) through
interpolation.

During the receiving process, assuming that the apodiza-
tion coellicient stored in the third register 904 1s Apod(3, 1), the
apodization coeflicient stored in the second register 902 is
Apod(y, 1+N). The apodization coelfficients Apod(j, 1+2*N)
are successively read out 1n advance based on the computed
'tan(¢)| and are stored 1n the firstregisters 900 of each channel
interpolation unit 812 in order. After the computation of the
apodization coellicients ol N recerving points 1s completed,
the timer control unit 800 generates the second data enabling,
signal 903, enabling the apodization coellicient 1n the second
register 902 to be stored in the third register 904, and the
apodization coellicient in the first register 900 to be stored 1n
the second register 902. Subsequently, the accumulator reset
signal 905 1s generated to reset the output of the accumulator
908 to the updated A value. The above steps are repeated until
the apodization coellicients of each receiving focus point are
determined.

To save resources, the number N of the points between two
interpolation points according to one embodiment 1s selected
to be the power of 2. In this way, the division 1n equation (3)
may be replaced by a shift operation. That 1s, a shifter 910
shifts (e.g., to the right) the output of the accumulator 908 by
log, N bits to complete the division operation 1n equation (3).
In computing of A*m, because A 1s a constant value between
0 and the (N-1)" point, a single accumulator 908 may be used
in place of amultiplication circuit. The second adder 912 adds
up the output of the shifter 910 and the apodization coetfi-
cients in the third register 904, and outputs the apodization
coellicients obtained through interpolation.

The method and device according to the disclosed embodi-
ments have been described using a 64-channel single-beam
system as an example. However, the present disclosure 1s not
limited to these particular embodiments. One skilled 1n the art
will recognize that the disclosed method and device may also
be applied to other systems. For example, 1n the case of
different numbers of channels, it may only be necessary to
change the number of the interpolation circuits to adapt to
different numbers of channels. When multiple beams are
used, each beam may uses one complete set of circuitry
described above. Theretfore, any modification or substitution
made to the disclosed embodiments should be regarded as
being within the scope of the present invention.

A person of ordinary skill in the art will recognize that the
described features, operations, or characteristics disclosed
herein may be combined 1n any suitable manner 1n one or
more embodiments. It will also be readily understood that the
order of the steps or actions of the methods described 1n
connection with the embodiments disclosed may be changed
as would be apparent to those skilled in the art. Thus, any
order 1n the drawings or Detailed Description 1s for 1llustra-
tive purposes only and 1s not meant to imply a required order,
unless specified to require an order.

Embodiments may include various steps, which may be
embodied in machine-executable instructions to be executed
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by a general-purpose or special-purpose computer (or other
clectronic device). Alternatively, the steps may be performed
by hardware components that include specific logic for per-
forming the steps or by a combination of hardware, software,
and/or firmware.

Embodiments may also be provided as a computer pro-
gram product including a machine-readable medium having
stored thereon instructions that may be used to program a
computer (or other electronic device) to perform processes
described herein. The machine-readable medium may
include, but i1s not limited to, hard drives, floppy diskettes,
optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs,
EPROMs, EEPROMSs, magnetic or optical cards, solid-state
memory devices, or other types of media/machine-readable
medium suitable for storing electronic istructions.

As used herein, a software module or component may
include any type of computer mstruction or computer execut-
able code located within a memory device and/or transmuitted
as electronic signals over a system bus or wired or wireless
network. A software module may, for instance, comprise one
or more physical or logical blocks of computer instructions,
which may be organized as a routine, program, object, com-
ponent, data structure, etc., that performs one or more tasks or
implements particular abstract data types.

In certain embodiments, a particular software module may
comprise disparate instructions stored 1n different locations
of a memory device, which together implement the described
functionality of the module. Indeed, a module may comprise
a single struction or many instructions, and may be distrib-
uted over several different code segments, among different
programs, and across several memory devices. Some embodi-
ments may be practiced 1n a distributed computing environ-
ment where tasks are performed by a remote processing
device linked through a communications network. In a dis-
tributed computing environment, soitware modules may be
located 1n local and/or remote memory storage devices. In
addition, data being tied or rendered together 1n a database
record may be resident 1n the same memory device, or across
several memory devices, and may be linked together 1n fields
of a record 1n a database across a network.

It will be understood by those having skill in the art that
many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the mmvention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

What 1s claimed 1s:

1. A method for real-time computation of point-by-point
apodization coellicients used for beam-forming during ultra-
sound 1maging, comprising:

obtaining ultrasonic pulses by transmitting and receiving,

via a probe;

assigning weights to received echo waves to compute an

apodization coellicient on each different channel by a
computer;
storing apodization coeflicients of recerving focus points in
a memory;

computing at least one of an included angle formed by a
vector from a transducer element to a {irst recerving
focus point and a normal vector of the transducer ele-
ment, and a trigonometric function value of the included
angle using the computer; and

reading the apodization coetlicients by using at least one of

a quantization of the included angle, and the trigonomet-
ric function value as a target memory address to access a
location in the memory indexed by the target memory
address:
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for each of a plurality of receiving channels, computing
apodization coellicients of a second recerving focus
point as a starting point for a subsequent interpolation
operation and a third receiving focus point as an ending
point for the interpolation operation; and

deriving apodization coelficients of the points situated
between the second receiving focus point and the third
receiving focus point through the interpolation opera-
tion;

wherein an apodization coelficient Apod 1s computed
using the following expression:

Apod(j,m)=Apod(j,i ) +ATm/N,

in which, A=Apod(j, 1+N)-Apod(j, 1), 1 stands for a serial
number of the receiving transducer elements, m is the i”
receiving focus point to the (i+N-1)" receiving focus point,
and N 1s the number of the apodization coellicients between
the interpolation starting point and the mterpolation ending
point.

2. The method of claim 1, wherein the number N of the
apodization coelficients between the interpolation starting
point and the interpolation ending point 1s selected as a power
of 2 such that the division by N 1s realized through a shait
operation.

3. The method of claim 1, further comprising;

computing an absolute value for the trigonometric function

value of the included angle; and

quantizing the absolute value to become the target address

of the memory via which the apodization coelficients are
read out.

4. The method of claim 1, wherein it at least one of the
included angle and the absolute trigonometric function value
thereol 1s greater than a predetermined threshold, the
apodization coellicients are regarded as zero.

5. The method of claim 1, wherein the trigonometric func-
tion of the included angle 1s selected from a group comprising,
a sinusoidal function, a cosine function, a tangent function,
and a cotangent function.

6. The method of claim 1, wherein the apodization coetli-
cients are computed and are stored in the memory 1n ascend-
ing order.

7. The method of claim 1, wherein the transducer element
1s 1ncluded 1n a convex transducer array, the method further
comprising calculating the included angle ¢ or the tangent
value thereof as follows:

tan()=(X-K*1)/(F+K*X);

in which X=Fx-Ex, Y=Fy-Ey, K=tan(¢1), Ex, Ey are coor-
dinates of the transducer array, Fx, Fy are coordinates of the
first receiving focus point, ¢1 1s an included angle between
the normal vector of the transducer element and the Y axis,
and tan(¢1) 1s based on transducer array parameters.

8. The method of claim 1, wherein the transducer element
1s included 1n one of a linear transducer array and a phased
transducer array, the method further comprising calculating at
least one of the included angle ¢ and the tangent value thereof
as follows:

tan(¢)=X/Y

in which X=Fx-FEx, Y=Fy-Ey; Ex, Ey are coordinates of the
transducer array, and Fx, Fy are coordinates of the first rece1v-
ing focus point.

9. A device for real-time computation of point-by-point
apodization coellicients used for beam-forming, comprising:

an ultrasound probe for transmitting and recerving ultra-

sonic pulses;
a computer comprising:
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an apodization curve memory to store apodization coel-
ficients;
a storing unit to store transducer element coordinates Ex,
Ev and K, wherein K=tan(¢1), ¢1 1s an included angle
between a normal vector of a transducer element and
the Y axis, and tan(¢1) 1s determined based on probe
parameters;

a timer control unit to generate coordinates Fx, Fy of a
receiving focus point;

a channel counter to sequentially read out, for each of a
plurality of receiving channels, the corresponding
transducer element coordinates Ex, Ey and the tan-
gent value K of the included angle between the normal
vector of the transducer element and the'Y axis;

wherein the computer 1s to compute at least one of an
included angle ¢ formed by a vector from a first trans-
ducer element to a receiving point and a normal vector of
the transducer element, and a trigonometric function
value thereotf based on the transducer element coordi-
nates Ex, By, the tangent value K of the included angle
between the normal vector of the transducer element and
theY axis, and the receiving focus point coordinates Fx,

Fy; and

an address processing unit to at least one of:

use a quantized value of the included angle ¢ formed by
the vector from the transducer element to the first
receiving point and the normal vector of the trans-
ducer element as a target memory address to access a
location 1n the apodization curve memory indexed by
the target memory address, and read out the apodiza-
tion coellicients Apod(y, 1); and

take the absolute value of trigonometric function value
of the included angle ¢ between the vector from the
transducer element to the recerving point and the nor-
mal vector of the transducer element, use the quanti-
fied value thereof as the target address of the apodiza-
tion curve memory, and read out the apodization
coellicients Apod(y, 1);

an interpolation unit to:

use the apodization coelificient of a second receiving
focus point as an interpolation starting point and the
apodization coetficient of a third recerving focus point
as an interpolation ending point for each receiving
channel; and

derive through an interpolation procedure apodization
coellicients of the points between the second recerv-
ing focus point and the third receiving focus point;

wherein the interpolation unit performs the interpolation
operation based on the following expression:

Apod(j,m)=Apod(j,i ) +A*m/N;

in which, A=Apod(j, 1+N)-Apod(y, 1), 1 stands for the serial
number of the receiving transducer elements, m is the i”
receiving focus point to the (i+N-1)" receiving focus point,
and N 1s the number of the apodization coellicients between
second receiving focus point and the third receiving focus
point.

10. The device of claim 9, wherein the trigonometric func-
tion of the included angle ¢ 1s tan().

11. The device of claim 10, wherein the computation unit
COmprises:

a first subtracter to compute X=Fx-FEx;

a second subtracter to compute Y=Fy-Ey;

a first multiplier to compute KX;

a second multiplier to compute KY;

a third subtracter to compute X-KY;

a first adder to compute Y+KX; and
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a divider to compute (X-KY )/(Y+KX).
12. The device of claim 9, wherein the interpolation unit
COmMprises:

a first register, a second register, and a third register, the first
register to store the apodization coefficients read out
from the apodization coelilicient memory, and store the
apodization coelficients 1nto the second register under
the control of a first data enabling signal, the second

register to store the apodization coefficients nto the
third register under the control of a second data enabling,
signal;

a fourth subtracter to compute A=Apod(j, 1+N)-Apod(j, 1);

an accumulator to accumulate the A values computed by

the fourth subtracter and output the current A value
under the control of a reset signal;

a shifter to shiit the output of the accumulator by log,N

bits; and

a second adder to add up the output of the shifter and the

apodization coelficients 1n the third register, and output
the apodization coelficients obtained through interpola-
tion,

wherein the number N of the apodization coellicients

between the interpolation starting point and the interpo-
lation ending point 1s selected as the power of 2.

13. The device of claim 12, wherein the first data enabling
signal, the second data enabling signal, and the accumulator
reset signal are generated by the timer control unat.

14. The device of claim 9, wherein the number of interpo-
lation units 1s the same as that of the recerving channels.

15. A non-transitory computer-readable storage medium
comprising program code for performing a method for real-
time computation of point-by-point apodization coetlicients
used for beam-forming during ultrasound imaging, the
method comprising:

obtaining ultrasonic pulses by transmitting and recerving,

via a probe;

assigning weights to received echo waves to compute an

apodization coellicient on each different channel by a
computer;
storing apodization coellicients of recerving focus points 1n
a memory;

computing at least one of an included angle formed by a
vector from a transducer element to a first recerving
focus point and a normal vector of the transducer ele-
ment, and a trigonometric function value of the included
angle; and

reading the apodization coellicients by using at least one of

a quantization of the included angle, and the trigonomet-
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ric function value as a target memory address to access a
location 1n the memory indexed by the target memory
address:

for each of a plurality of receiving channels, computing,
apodization coellicients of a second receiving focus
point as a starting point for a subsequent interpolation
operation and a third recerving focus point as an ending
point for the interpolation operation; and

deriving apodization coelficients of the points situated
between the second receiving focus point and the third
receiving focus point through the interpolation opera-
tion;

wherein an apodization coelflicient Apod 1s computed
using the following expression:

Apod(j,m)=Apod(j,i ) +A*m/N,

in which, A=Apod(j, 1+N)-Apod(y, 1), 1 stands for a serial
number of the receiving transducer elements, m is the i”’
receiving focus point to the (i+N-1)" receiving focus point,
and N 1s the number of the apodization coellicients between
the mterpolation starting point and the mterpolation ending
point.

16. The computer-readable medium of claim 15, wherein
the number N of the apodization coellicients between the
interpolation starting point and the interpolation ending point
1s selected as a power of 2 such that the division by N 1s
realized through a shiit operation.

17. The computer-readable medium of claim 15, wherein
the transducer element 1s included 1n a convex transducer
array, the method further comprising calculating the included
angle ¢ or the tangent value thereof as follows:

tan(@)=(X-K*¥)/(T+K*X);

in which X=Fx-Ex, Y=Fy-Ey, K=tan(¢1), Ex, Ey are coor-
dinates of the transducer array, Fx, Fy are coordinates of the
first recerving focus point, ¢1 1s an included angle between
the normal vector of the transducer element and the Y axis,
and tan(¢1) 1s based on transducer array parameters.

18. The computer-readable medium of claim 15, wherein
the transducer element 1s 1ncluded 1n one of a linear trans-
ducer array and a phased transducer array, the method further
comprising calculating at least one of the included angle ¢
and the tangent value thereof as follows:

tan(¢)=X/Y
in which X=Fx-FEx, Y=Fy-Ey; Ex, Ey are coordinates of the

transducer array, and Fx, Fy are coordinates ol the first recerv-
ing focus point.
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